This paper presents an overview of current knowledge relative to identification and quantification of sensitive population subgroups, utilization of sensitive subgroups for studying low dose effects and issues in formulating environmental policies from information on sensitive subsets of the population. General factors that contribute to sensitivity are developmental periods, genetic conditions, nutritional deficiencies, predisposing diseases and personal habits. An illustration of age-related sensitivity to radiation is given, which shows that one would need to examine ten times the number of metaphase cells from individuals age 25 as from those age 55 to obtain equivalent statistical precision in identifying increased numbers of radiation induced aberrations. Hence, knowledge of susceptible subsets is useful for study design and analysis. Important concerns noted in proposing standards include: whether to protect the entire population when only a small fraction is at increased risk; what emphasis should be placed on alteration of the predisposing factors, e.g., nutrition; and how to acquire the additional protection for sensitive groups in standards based on the general population.
The problems associated with detecting in some direct fashion the effects of relatively low doses of pollutants on the health of the general population have been a topic of considerable concern during this conference. The aim of this presentation is to present a brief description of: (1) the state of knowledge relative to the identification and quantification of population subgroups that are particularly sensitive to environmental exposures of concern; (2) how current knowledge concerning sensitive subgroups can be utilized for improving upon our capability to recognize effects at low doses; and (3) the role of information derived from studies of sensitive subgroups in formulating environmental policies.
A definition of what is a "sensitive" or "susceptible" subgroup is helpful in understanding this paper. I have adopted here the definition used in bioassay studies of dose response, where sensitivity refers to the rate of change of response as the dose increases. A good synonym for sensitivity would be responsiveness to the pollutant. This definition assumes not simply that the susceptible individuals respond at lower doses, but rather that they Evans et al. (6) have indicated that chromosomal aberrations such as dicentrics, acentric elements and rings occur more frequently at older than younger ages given the same radiation doses (Table 1) . Conner (7) presented sample estimates developed by Dr. Gur and myself giving estimated number of cells required to detect increased chromosome aberrations among individuals exposed to low levels of radiation. The change in sensitivity by age makes a dramatic difference in one's ability to detect the effects of moderately low levels of radiation (Table 2 ). For instance, if one were to count 400 cells on each of 50 individuals at ages 25, 40 and 55, one would have a good chance of ascertaining increases associated with 1-2 rems of exposure in the oldest age or 2-3 rems of exposure in the middle age but would only pick up detectable increases at 4-6 rems in the youngest age. This is also exemplified in Table 3 , which depicts the number of cells that would need to be counted to identify the minimal increases in aberrations that would be expected in association with the average exposure levels occurring during the episode at One might turn the question around, an approach which is fairly popular in practice, and attempt to identify "sensitive" subsets in studies originally designed to consider response in a general population. Such retrospective analysis is difficult methodologically and requires considerable statistical input to avoid misleading conclusions, particularly, when the overall results are nonpositive. In the positive study, one would be interested in whether the differences were consistent in all segments of the population, or whether interaction (synergism) exists between individuals with certain attributes and amount of response to the pollutant. Marked variation in subgroups can occur more frequently by chance than what would be intuitively expected. Indeed, testing sufficient subsets differences at conventional statistical significance levels (p < 0.05) will virtually guarantee an erroneous positive finding. Even more difficult to interpret are analyses from negative investigations which consider the extremes in the responses, such as changes in pulmonary function during air pollution episodes, as representing the "sensitive" fraction of the population in the absence of a priori specification of subgroups of interest (8) While recognition of the heterogeneity in human responsiveness to pollutants is important for understanding the underlying disease processes, serious problems arise in developing and implementing environmental policies which adequately take into account the multiplicity of sensitive subsets. Some important issues which arise in applying the experimental and epidemiologic evidence in formulating standards are as follows.
(1) Should one approach environmental control by protecting the entire population when only a small fraction is at increased risk? For example, certain screening tests for hypersusceptibility might make it possible to identify that proportion of an occupational group at increased risk to a work exposure. This leads to the consideration of whether it is appropriate for an employer to be permitted not to hire susceptible individuals rather than adopt more stringent controls to protect all workers.
(2) Since many of the associations between pollutants and specific subsets are still theoretical rather than firmly substantiated, how should the information be utilized in the standard setting process, recognizing that standards set on the rationale of protecting the general population do not necessarily assure adequate protection to susceptible subsets?
(3) What emphasis should be placed in environmental measures upon alterations in predisposing factors, when possible, as a means of reducing somewhat the level of risk associated with pollutant? Although additional risks associated with age, certain genetic defects, etc., may be difficult or impossible to modify, others such as general health status, nutritional factors, and behavioral traits, such as smoking and drinking, may be altered, leading to a reduction in risks.
Since identifying and protecting all susceptible groups is probably not feasible, some priority setting would seem in order that would not only take into account the evidence for the existence of a sensitive group, but also consider the number of people involved, the severity of the response, and methods for attenuating the sensitizing factor.
